Combination of elemental and protein studies along with molecular data using microsatellite markers may lead to the better and realistic determination of relatedness between the varieties and their populations. In this study, the extent of diversity among five Turkish durum wheat cultivars and their populations has been assessed using seven microsatellite markers and the elemental analysis together with the differences in their protein content. In molecular analysis, total 23 alleles have been obtained among all the genotypes with middling of 4.6 per primer. On employing UPGMA Dendrogram, Principle Coordinate Analysis (PCoA) and Winboot analyses, both inter and intra varietal polymorphic studies had shown similar clustering with minor differences. As a result of AMOVA performed, the extent of diversity was found to be higher among the genotypes (76%) in comparison to the variability within the genotypes (24%). In elemental analyses, 'Selcuklu-97' was found to be the most efficient variety with high content of several elements. Also, strong and positive correlation has been observed between magnesium-phosphorus, magnesium-sulphur and sulphur-sodium, while noteworthy negative correlation has been observed between sodium and zinc. The protein content of the genotypes was found in the range of 15.17-16.90%. The diversity revealed in durum genotypes can be employed in genetic expansion of the crop. These involved varieties may aid to avoid genetic attrition coming up from the landraces. The information provided can be utilized by breeders for appropriate selection of both, genetically and nutritionally efficient durum wheat varieties.
Introduction
Durum wheat (Triticum turgidum L. subsp. durum (Desf.) Husn) is renowned as the only commercially important tetraploid wheat species that is extensively cultivated in the Mediterranean region, Canada, USA, Argentina and India (Blanco et al., 1998) . Around 7000 B.C., domesticated emmer wheat strains which were previously grown in the Near East and Central Europe (Zohary and Hopf, 1993) , were artificially selected and lead to the development of naked, free-threshing form of Durum species. Prevalently known to be used in the preparation of Italian pasta, durum wheat possesses rich protein content and is hardest among all the wheat types. Durum wheat has gained its importance amidst bread wheat due to the predominant suffering of developing countries from food scarcity and lack of fine stuff that can be used in the food sector (Korkut et al., 2007) . So, durum wheat breeding programs should be designed to suggest cultivars with adequate agronomic characteristics to meet the demand of the farmers and the quality traits required by the processing industry. Our study was an effort to provide some relevant information to the researchers and breeders on selected durum wheat varieties, so that their practical usage and benefits can be estimated and implemented for fulfilling both qualitative and quantitative agricultural demands.
Molecular characterization
Several views have revealed that the discriminatory strain of the variations in the environment, individual behaviour, continuous domestication and the rigorous breeding are basically responsible for the prearrangement of precise diversity level among wheat (Donini et al., 2000; Amer et al., 2001; Landjeva et al., 2006; Figliuolo et al., has developed a transformed interest in durum based food products. Considering this interest, breeding strategies should be developed for the choice of wheat varieties with appropriate mineral content.
So, here comes the objective for the biochemical part of our work (i) to evaluate the variation in mineral and protein content of Turkish durum wheat grains and (ii) to determine the correlation among the mineral and protein concentrations so that better-quality durum wheat cultivars with high mineral and protein amount can be identified and utilized.
Materials and methods

Plant materials and DNA Extraction
The pedigree information of five durum wheat varieties collected from different geographical regions of Turkey utilized in this study has been provided in Tab. 1. For each genotype, 10 individual plants had been grown in the greenhouse conditions up to seedling stage. To obtain pure and intact DNA, five different isolation procedures were tested (with both 1% and 2% CTAB) and finally the modified form of the SaghaiMaroof et al., (1984) method has been utilized. Freeze-dried seedlings (200 µ g) of all individual plants were homogenized in liquid nitrogen and dispersed in 700 µ L isolation buffer (2% CTAB w/v, 1.4 M NaCl, 20 mM EDTA, pH 8.0, 100 mM Tris, pH 8.0 and 0.1% β -mercaptoethanol) following the incubation at 65 °C for 45 minutes by inverting several times. Afterwards equal amount of the 24:1 (v/v) chloroform:isoamyl alcohol was added and the mix was centrifuged at 7000 rpm for 5 minutes. To the supernatant part, 0.6 volume isopropyl alcohol was added and centrifuged at 15,000 rpm for 5 minutes. Seventy percent alcohol was used to rinse the obtained pellet by spinning at a speed of 15,000 rpm for 5 minutes. The pellet was dissolved in 400 µ L TE buffer after drying of ethanol and stored at -70 °C.
Isolated DNA samples were spectrophotometrically estimated at 230, 260 and 280 nm and accordingly, templates of 10 ng/ µ L and 30 ng/ µ L samples were prepared for polymerase chain reaction.
Microsatellite analysis
For the SSR analysis, seven different sets of Wheat Microsatellite (WMS) primers (Tab. 2) had been selected whose description, composition, sequences and chromosome positions of the augmented loci were already reported (Roder et al., 1995; Plaschke et al., 1995) .
Optimized PCR reactions were performed in 10 µ L volume in Thermal Cycler and the constituents for the reaction mixture contained 1X PCR buffer (10 mM Tris-HCl pH: 8.3, 50 mM KCl), 0.10 mM dNTP mixture (10 mM each), 1.5 µ L Taq polymerase (5 unit/ µ L), 5-10 pmol of forward and reverse primer combinations and 50 ng to 150 ng of template DNA per reaction. All primer pairs required 1.5 mM of Magnesium Chloride (MgCl2), while WMS30 required 2.0 mM MgCl2. Characteristic reaction conditions for each of the primer sets (microsatellite or SSR loci) repeat types and the chromosomal locations are represented in Tab. 2.
Detection of microsatellites
Denaturing polyacrylamide gel (6%) and 1X TBE buffer was used to separate out the PCR products. To 60 ml of 6% 2007). Then also, the evaluation of genetic diversity has been decisive in breeding programs for the choice of suitable parents to gain heterotic hybrids, and for the investigation of new germplasm (Prasad et al., 2000) . Marker systems based on different wheat properties like protein content, flour colour, gluten strength has facilitated the upgrading of durum quality (Nachit et al., 2001; Maccaferri et al., 2006) . Other than these properties, genetic diversity studies of diverse accessions is strengthen by the advancement and thriving appliance of various types of molecular markers (Khan et al., 2014) . For more than two decades, simple sequence repeats (SSRs) or microsatellite markers (Tautz et al., 1986) have been progressively used for diversity analysis of native and contemporary cultivars (Todorovska et al., 2005; Al Khanjari et al., 2007; Colomba and Gregorini, 2011) and has shown promising polymorphism.
Thus, the goal of the molecular part of present study was to evaluate genetic similarity along with the evaluation of the allelic diversity among five Turkish durum wheat genotypes. In this research work, analyses of population structure and comparison of diversity level between landraces and cultivars has also been done by the exploitation of available SSR markers and were used for invariety polymorphism detection of cultivars. Most of the optimization reactions and conditions are explained thoroughly to provide supportive platform to the researchers and developing scientists in this area. Comparing our normalization, they may standardize their protocols and molecular experiments to raise a new step towards this scientific horizon.
Elemental characterization
Not only genetic constitution is crucial, but also nutrients (Mg, Fe, Zn, P, Na, Ca, K, Cu, Mn) and proteins are major gears of the plant enzymes controlling the physical and biochemical feedback. Indispensability of plant minerals in developing the resistance against diseases and other environmental strains has been revealed by several researchers (Graham and Rovina, 1984; Graham and Webb, 1991; Foy, 1992; Lynch, 1995) . Mineral extremities in plants are consequently influencing the animal and human system as well. Thus, the upgrading of nutrient contents in plants symbolizes a promising approach to enhance the human nutrient intake. Today, finding out the efficient connections between genes, mineral and proteins is amongst one of the biggest challenges for the scientists to deal with (Lahner et al., 2003) . Because of the increased usage of wheat around the globe in a range of foodstuffs, it is taken as a vital source for nutrient supply (Galan and Haguenauer-Tsapis, 1997) . Since last several years, diversity in mineral contents has been continuously depicted for various cereals including bread wheat, durum wheat, wild wheat and triticale (Dikeman et al., 1982; McGrath, 1985; Feil and Fossati, 1995; Cakmak et al., 2000; Clarke et al., 2002) . A screening of more than 3000 GenBank wheat accessions has been done at CIMMYT for Fe and Zn contents. As we discussed earlier, durum wheat is the chief crop for making pasta, a major proportion is also used in bread preparation. The prospective contribution of durum wheat in the supply of minerals and to a less extent, proteins 432 denaturing polyacrylamide gel solution, 650 µ l of 10% APS (Ammonium Persulfate) and 25 µ l of TEMED (N,N,N',N'-Tetramethylethylenediamine) were added to initiate the polymerization and poured between two sigmacoat treated glass plates (42 X 33 cm). The PCR products were electrophoresed on the denaturing gels at a constant power of 50 Watt and the run time was modified according to the expected allele sizes. The obtained fingerprints were detected on autoradiographs (Kodak BioMax-MR, Rochester, NY).
Estimation of Polymorphism Information Content (PIC)
According to Anderson et al. (1993) , for the microsatellites which were homozygous for a loci, PIC values were obtained using the formula:
where: p ij is the frequency of the jth pattern for marker i for n number of patterns. For the single locus revealing two allelic sizes, PIC values were calculated as follows:
Here, p i and p j represent the frequencies of the ith and jth alleles in a given population.
Cluster analysis
For the determination of genetic distances, the band patterns obtained in the gel were utilized in two formats to prepare microsatellite data matrix. In one format, all the amplified bands were scored as 1 or 0 corresponding to the presence and absence of specific marker allele, respectively. While in another format, codominant data representing the allelic bands was utilized. Distance matrices employing these dominant and codominant data were prepared with the help of Numerical Taxonomy Multivariate Analysis System (NTSYS-PC) version 2.02e (Rohlf, 1998) and GenAlEx 6.5 programs.
Dendrograms were constructed using Unweighted Pairgroup Arithmetic Average (UPGMA) (Sneath and Sokal, 1973) method and R software with the NTSYS-PC version 2.02e for the detection of polymorphism among the genotypes as well as among the subpopulations, respectively. Also, bootstrap analysis using Winboot program with 1000
Tab. 1. Durum wheat varieties and their pedigrees Tab. 2. PCR Amplification Conditions, Primer Sequences and Chromosomal Locations of primer sets (modified from Roder et al., 1995 and Plaschke et al., 1995) No Variety Pedigree replications, has been done to determine the confidence limits of UPGMA dendrogram. To illustrate the interrelationships with in populations, R software has been used to draw the scatterplots based on both dominant and codominant data.
Analysis of Molecular variance (AMOVA) has been utilized for the estimation of genetic construction among the population and subpopulations of genotypes. GenAlEx 6.5 program was used for the preparation of distance matrix to estimate the genetic variation and screen the total variation within and among the populations. One thousand permutations have been employed for testing the significance of variance components.
Field growth conditions of the wheat genotypes Field experiment for the collection of seed material for elemental and protein analysis has been conducted in the year 2012 at Selcuk University, Konya, Turkey. Varieties collected from different regions have been grown in accordance with the randomized complete block design with several replications at trial site. Initially, sprinkler irrigation followed by periodical drip irrigation was provided to the plots. Sowing was done on 8th October, 2012 while plots were harvested manually on 13th July 2013.
Methodology for the determination of mineral content
For the elemental analysis of the selected genotypes, 8346 durum wheat flour and 1567a wheat flour were used as the certified reference material for calibrating ICP-AES values. Firstly, wheat grains were washed with double distilled water and dried at 70 °C in a drying cabinet with air circulation. The dried samples were then ground to the whole wheat flour and 0.1-0.2 g was treated with 5 ml concentrated HNO3 and 2 ml of H2O2 in a digestion tube made of teflon. Further, the samples were digested in a closed microwave accelerating reaction system for 30 minutes. After digestion, each sample solution was filtered and the volume was maintained up to 20 ml with double distilled water. Finally, mineral concentrations of three technical replicates of each genotype were estimated using inductively coupled plasma-optical emission spectroscopy (ICP AES).
Protein content analyses
For protein analysis, Kjeldahl semi automatic analysis system was used. Wheat samples were crushed and 0.5 g sample of each variety was treated with 5 ml H2SO4 for one night. Then 1 ml of hydrogen peroxide was added to samples several times with simultaneous wet digestion until the solution became transparent. Then Kjeldahl's apparatus was used to determine the acid (H2SO4) value of three technical replicates of each genotype that further gave the idea of nitrogen contents in the sample. The nitrogen contents were multiplied by 6.25 to determine the protein content.
Statistical analyses of the biochemical part Minitab Release 14.12.0 statistical software has been used for the comparison of the concentrations of different elements and to determine the correlations among them using Pearson correlation. The significance of these correlations was determined by 'p' value. As for both elemental and protein data, readings for three technical replicates have been taken, standard deviations were also calculated. 434 
Results and discussions
By the evaluation of different isolation techniques tried, it was concluded that extraction buffer containing 2% CTAB, resulted in high yield and intact genomic DNA quality in comparison to 1% CTAB. A previous study on hexaploid wheat (Roder et al., 1995) reported that WMS6 locus is located on 4DL and additional two fragments are located on 4DL and 4BL. So, since durum wheat does not possess the "D" genome, in our study, one of the allele of this locus must be the one located at 4BL.
Polymorphism level and genetic diversity among the genotypes
The seven markers used in the study, covered a major part of durum wheat genome for the inter-or intra-diversification of five genotypes showing different allele sizes (Tab. 3). We obtained total 23 polymorphic alleles ranging from 1 to 8 per locus and PIC values in our study ranged from 0.227 to 0.887. On calculating the PIC values based on the allelic frequencies, it was observed that WMS6 was the most polymorphic locus while WMS 131 was the least polymorphic with PIC value of 0.887 and 0.227 respectively (Tab. 4). Other than WMS 131, all the primers had PICs more than or equal to 0.500. The length difference between allele sizes in base pair ranged from 4 to 48. The allele sizes obtained for different locus were also used to construct a Simple Matching similarity matrix (based on 0-1 data) for drawing the dendrogram for 5 different genotypes based on UPGMA (Unweighted Pair Group Method with Arithmetic Mean) method (Fig. 1) . As Bootstrap analysis has been performed to demonstrate the robustness of UPGMA dendrogram, supports for clustering of 'Diyarbakir-81' with 'Salihli-92' and grouping of 'Ege-88' and 'Selcuklu-97' were found to be 100% and 90.7%, respectively. Though 'Gediz-75' was clearly distinct from other genotypes (Fig. 1) , it has shown a bootstraps support of 42% and found to be more closely associated with 'Diyarbakir-81' with 'Salihli-92'.
Polymorphism levels 'In' and 'Among' the populations of each cultivar
In the second part of the molecular research, the same microsatellite markers were used for in-variety polymorphism studies. The subpopulations might have different genotypes, thus, it was aimed to show the polymorphism levels, in about 10 individual plants belonging to each of the variety. Tab. 3. Allele sizes of the used durum wheat genotypes, in number of nucleotides, for seven microsatellite markers subpopulations using R software (Fig. 2) Clustering for in-variety polymorphism study has shown the similar grouping as with the genotypes (Fig. 2) . In this grouping also, 'Diyarbakir-81' with 'Salihli-92' and 'Ege-88' with 'Selcuklu-97' has shown a closer association. 'Gediz-75' was found to be similarly associated with the two groups of 'Diyarbakir-81' with 'Salihli-92' and 'Ege-88' with 'Selcuklu-97'. However, some of the subpopulations, 'Selcuklu-97' number 10 and 'Salihli-92' number 1 were clustered with 'Gediz-75' group showing the genetic association.
In our study, two Scatterplots have been obtained using R software to demonstrate the genetic association among and within the subpopulations of the genotypes. One was based on 0-1 matrix data and another one was based on allelic data. Both the scatterplots were found to be in accordance with each other and with the clusters obtained from the dendrogram (Fig. 3) validating the cluster group results. In scatterplot plot obtained from 0-1 matrix, the first two coordinates explained 31.2% and 27.7% information of the total variation, respectively and 'Diyarbakir-81' and 'Salihli-92' were found to be in close association similar to UPGMA dendrogram. While in scatterplot obtained from codominant data, 33.84% and 28.74% variation was represented by first two coordinates. Though 10 individual plants were chosen for each of the five genotypes, some of these were not visible in scatterplots due to overlapping, justifying the closer association among them. showing the genetic association among the subpopulations of five durum genotypes based on 7 SSR markers. Grouping of subpopulations can be observed. Scatterplot A was based on 0-1 matrix and first two coordinates explained 31.2% and 27.7% variation while Scatterplot B was dependent on co-dominant data and first two coordinates explained 33.84% and 28.74% variation Analysis of molecular variance (AMOVA) As mentioned above, 5 populations and 50 individuals were used to execute AMOVA by GenAlEx 6.5 software. Significant genetic variance (P<0.010) has been obtained within the populations and among the populations (Fig. 4, Tab. 7) . The variation among the population reported for the largest share (76%) of the total variance, while the differences within the population accounted for 24% of the whole variation.
Lower variation within the populations facilitates the maintenance of considerable heterozygosity between the populations. So, in agreement with this, comparatively lesser extent of within population variation has been demonstrated by AMOVA results, dendrograms and scatterplots and validated the extent of heterozygosity among the five genotypes. Tab. 7. Analysis of molecular variance (AMOVA) on five Turkish Durum
Wheat populations analysed with 7 simple sequence repeat (SSR) markers.
Here, Probability, P(rand >= data), for PhiPT is based on permutation across the full data set. df = degree of freedom, SS = sum of square, MS = mean square,
Est. Var. = Estimated Variance
Variations in mineral and protein contents The results for mineral constitution and protein content for the explored type durum varieties are summarized in Tab. 8. No much disparity was found in the protein content of the considered genotypes. The protein content was found from 15.17% to 16.9%. But a noteworthy divergence in the mineral content values among the five genotypes was observed. The concentrations of Ca, Cu, Fe, K, Mg, Mn, Na, P, S and Zn of durum wheat samples were observed at high levels and the average values were 297.5, 4.9, 28.9, 4334.6, 1611.2, 18.4, 14.2, 3452.9, 1350.2 and 21 .0 mg/kg, respectively. K contents of wheat varieties were found at high levels compared with other elements, followed by P, Mg, S, Ca and Fe. Potassium content varied between 3,976 and 4,749 mg/kg. Phosphorus was found between 2,846 and 4,533 mg/kg. While Mg concentrations range between 1,404 and 2,110 mg/kg, S content of grains changed between 1,206 and 1,582 mg/kg. In most of the cases, there were no strong correlation between the content of pairs of the scrutinized nutrients in wheat grain, except for noted strong positive correlation between Mg and P(r=0.97), Mg and S (r=0.88) and S v/s Na (r=0.95) (Tab. 9). Strong negative correlation was found between Na and Zn (r=-0.91). 
Discussion and conclusions
By using different microsatellite primer sets, genotypes were successfully differentiated (Fig. 1 ). They were divided into two major groups. 'Selçuklu-97' and 'Ege-88' were clustered together and the other three varieties 'Diyarbakir-81', 'Gediz-75' and 'Salihli-92' were grouped collectively but were the most closest ones. In another study, similar genetic association among these genotypes was shown by Karaca and Izbirak (2008) using RAPD and ISSR markers. In their study, 'Diyarbakir-81' and 'Ege-88' along with 'Gediz-75' and 'Salihli-92' were found to be closely associated. As per our results, WMS6 with the PIC value of 0.887 was the most polymorphic locus for the genotypes and it was enough for distinguishing all of them. Roder et al. (1995) reported that WMS6 amplifies two diverse loci, one in 4B and another in 4D chromosome. Due to the selection of durum wheat, there was no amplification of genome D in our work.
As mentioned earlier, seven sets of Wheat Microsatellite (WMS) primers had been selected for the study, whose sequences and chromosome positions of the augmented loci have already been revealed (Roder et al., 1995; Plaschke et al., 1995) . Similar set of wheat microsatellite primers have been used by Dograr et al. (2000) for discriminating winter type Turkish durum wheat varieties and found polymorphism information content values in the range of 0.609-0.872. Although limited number of diversity studies has been done on Turkish durum wheat using microsatellite markers, our results were comparable to several other diversity experiments 437 performed on several wheat populations utilizing similar SSR loci. However, Khlestkina et al. (2004) have claimed that PIC values must be considered as the variables changing according to the experimental material and time of conducting experiment. In our study, WMS5 (0.611), WMS46 (0.666) and WMS120 (0.500) was found to provide less polymorphism information content in comparison to the values obtained by Mondini et al. (2010) in Ethiopian durum wheat. However, PIC values obtained from WMS11 (0.500), WMS46 (0.666) and WMS131 (0.227) were almost similar to the values revealed from these loci by Ahmad, 2002 in bread wheat genotypes of diverse origin.
Also, both the UPGMA Dendrograms and Principle Coordinate Analysis based plots were found to be closely associated to each other. For bootstrap analysis, Felsenstein (1985) suggested that only the clusters with higher bootstrap P values (95% or more) can be recognized as robust. In our case, 'Diyarbakir-81' and 'Salihli-92' have 100% bootstrap P values thus justifying the confidence limits of the dendrogram.
It is necessary to select genetically distant genotypes for a successful breeding programme and hence, verifying their association. SSR markers used in the study were proved to be capable of differentiating both genotypes and subpopulations. Outlier variety, 'Salihli-92' number 1 in subpopulations dendrogram have separated apart from their main group due to the presence of specific alleles at WMS6, WMS46 and WMS120 loci of length 211, 181 and 159 bp respectively. Similarly, 'Gediz-75' number 13 showed partition from rest of their genotypes by the existence of 205, 192 and 132 bp alleles at WMS6, WMS11 and WMS120 respectively. Also, some of the subpopulations of 'Salihli-92' and 'Diyarbakir-81' group like 'Salihli-92' number 4 and 'Diyarbakir-81'number 8 have shown mixing with each other due to the presence of same alleles at number of loci. It is also noteworthy that although most of the subpopulations have shown similar grouping as genotypes, 'Diyarbakir-81' has shown significant variation among the subpopulations especially at locus WMS5, WMS6, WMS46 and WMS131. However, it should be noticed that dendrogram results for 'Diyarbakir-81' and 'Salihli-92' genotypes with 89% similarity and 100% bootstrap values could be different if outlier subpopulation 'Salihli-92' number 1 would have been considered for the analysis. In addition, utilization of these outlier populations can be of great advantage in successful breeding programme. As the heterozygosity of a population is determined by the collection of alleles, WMS6 locus was found efficiently responsible for maintaining the variance in the genotypes.
Though varieties used in the experiment had shown significant genetic variation according to all the statistical analyses performed, the distributed location of cultivars demonstrated less comparative polymorphism. As wheat is a self-pollinating species, variations within the populations can be easily found as a result of mixing. So, for the proper introduction of characters by breeders, uniformity of seeds should be checked prior to the crosses/hybridization. The information on the polymorphic loci and the related large size difference (as in case of WMS6) would serve as the support for breeders for the selection of appropriate parents. The molecular portion of the study was an attempt towards the validation of interspecific and intraspecific polymorphism of Turkish Durum wheat. This in future can help for the choice of appropriate parents which consecutively may support the breeding programs.
Also, momentous differences in iron, calcium, potassium, copper, magnesium, sodium, manganese, sulphur, phosphorus, and zinc were found among the chosen genotypes. 'Selçuklu-97' offered higher copper, potassium, phosphorus magnesium, sodium and sulphur content as compared to other varieties. The occurrence of strong positive correlations between phosphorus and magnesium in examined varieties could have imperative inference for the propagation of new varieties containing elevated levels of both nutrients.
Genetic origin may be the major cause of these discrepancies in the mineral content. Minerals that are greatly required in human food supply are present in adequate quantity in the examined durum varieties. Although nutrient content in wheat is controlled by soil factors, climatic conditions and cultivation methods, mineral composition in wheat grains is basically a varietal attribute. So, despite of the environmental influences, persistent efforts are needed to search innovative genetic resources of durum wheat genotypes that are augmented with essential nutrients and protein. These selected and recommended durum wheat genotypes may be utilized in the future to attain more nutritionally and genetically rich wheat food.
